PCT 



W0RU3 INTELLECTUAL PRCWERTY ORGANI! 
International Bureau 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internatioiial Patent Classification <^ : 
A61K 31/557 



Al 



(11) International PublicaUon Number: WO 99/12551 

(43) International Publication Date: 18 March 1999 (18.03.99) 



(21) International Application Number: PCT/US9S/18a38 

(22) International Filing Date: 4 September 1998 (04X)9.98} 



(30) Priority Data: 

60/058.306 



9 September 1997 (09.09.97) US 



(71) Applicant: THE PROCTER St GAMBLE COMPANY 

[US/US]; One Procter & Gamble Plaza, Cincinnati, OH 
45202 (US). 

(72) Invoitors: HARTKE, James, Richard; 8296 Foxhiil Court, 

West Chester. OH 45069 (US). LUNDY, Marie, Waiden; 
7989 New Brunswick Drive, Cincinnati, OH 45241 (US). 
DeLONG, Mitchell. Anthony; 8084 Tyler's Circle, West 
Chester. OH 45069 (US). 

(74) Agents: REED, T., David et al.; The Procter & Gamble 
Company. 5299 Spring Grove Avenue, Cincinnati. OH 
45217-1087 (US). 



(81) Desigtiated States: AL, AM, AT. AT (Utility model), AU. A2. 
BA. BB. BG, BR, BY, CA, CH, CN. CU. 02. CZ (UtUity 
model), DE. DE (Utility model), DK, DK (Utflity model), 
EE, EE (Utility model), ES, Fl, H (Utility model), GB, GE, 
GH, GM. HR, HU, ID. IL, IS. JP, KE, KG, KP. KR, K2, 
LC, LK. LR, LS, LT, LU, LV, MD, MG. MK. MN. MW. 
MX, NO. NZ. PL. PT. RO. RU. SD, SE, SG. SI, SK. SK 
(Utility model). SL, TJ, TM. TR, TT, UA. UG. UZ, VN. 
YU, ZW, ARIPO patent (GH, GM. KE. LS, MW, SD, SZ, 
UG. ZW). Eurasian patent (AM, AZ, BY, KG, KZ. MD. 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE. DK. 
ES, n. FR, GB, GR, IE, IT, LU. MC, NL, PT, SE). OAPl 
patent (BP, BJ. CF, CG, CI, CM, GA. GN, GW. ML, MR. 
NE. SN, TD, TG). 



Published 

With inlernalional search report. 

Before the expiration of the time limit for amending the 
clams and to be republished in the event of the receipt of 
amendments. 



(54) TiUe: METHOD OF INCREASING BONE VOLUME USING NON-NATURALLY-OCCURRING FP SELECTIVE AGONISTS 



(57) Abstract 
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METHOD OF INCREASING BONE VOLUME USING 
NON-NATURALLY-OCCURRING FP SELECTIVE AGONISTS 



TECHNICAL FIELD 

The present invention relates to novel methods of increasing bone volmne 
comprising the administration of a non-naturally-occurring selective FP agonist to a 
subject in need of such treatment. This invention further relates to a method of treating 
or preventing bone disorders comprising the administration of a non-naturally-occurring 
selective FP agonist to a subject in need of such treatment. 

BACKGROUND OF THE INVENTION 

In osteoporotics an imbalance in the bone remodeling process develops in which 
bone is resorbed at a rate faster than it is being made. Although this imbalance occurs to 
some extent in most individuals, both male and female, as they age, it is much more 
severe and occurs at a younger age in osteoporotics, particularly those who develop the 
post menopausal form of the condition. Accelerated bone loss may also result from drug 
administration, such as corticosteroids; prolonged bedrest; disuse of a limb; and 
microgravity. A consequence of this loss of bone is the complete removal of trabeculae 
and a deterioration of bone architecture such that the remaining bone is 
disproportionately decreased in strength. 

It is thought that to completely return the bone to normal strength, new trabeculae 
should be formed to restore architecture and increase bone mass. It is further thought 
that when the restoration of normal architecture is associated not only writh an increase in 
the strength, but also a return to normal stifEfaess and shock absorbing capability, the 
bone is less likely to fracture. Subjects suffering from other bone disorders such as 
osteoarthritis, Ps^ef s disease, periodontal disease* and fractures may also benefit fh>m 
treatments that restore bone mass and normal architecture to bone. 

There have been many attempts to treat bone disorders with a variety of 
pharmacologic agents with the goal being to either slow further bone loss or to produce a 
net gain in bone mass. There are antiresorptive agents, such as bisphosphonates, which 
slow further bone loss, and there are anabolic agents, such as PTH, fluoride, and 
prostaglandins, which build bone. But, none of these agents build bone that is 
substantially similar, i.e. structurally or architecturally, to the type of bone lost. 

PTH and prostaglandins, especially prostaglandins of the E series (e.g. PGEj), are 
known to be potent stimulators of bone resorption and formation. The acceleration in 
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turnover seen with these known bone anabolic agents may be detrimental to an already 
osteoporotic skeleton since the increased resoiption may cause perforation and loss of 
trabeculae, or may weaken the existing trabecular structure. In addition, increased 
resorption may occur in cortical bone. These effects may in turn lead to increased 
Iracture incidence at some sites. 

PGF2a ^ shown to be a stimulator of bone resorption, but it is not as 

potent as PGEj. It has been suggested that some of the effects of PGFja on bone 
resorption, formation, and cell replication may be mediated by an increase in endogenous 
PGEj production. Furthermore, in vitro data with FP agonists have shown a decrease in 
collagen synthesis in osteoblastic cell lines, suggesting FP agonists woxild not be 
effective at increasing bone mass in vivo. Tamura, et ai., J. Bone Min. Rsch., Supp. Vol. 
5189, T352 (1997). 

Prostaglandins, in addition, have several drawbacks which limit their desirability 
for systemic administration. For example, although prostaglandins are characterized by 
their activity at a particular prostaglandin receptor, their activity is not limited to any one 
prostaglandin receptor. Thus, systemic administration of prostaglandins is known to 
cause side effects such as inflammation, as well as surface irritation, smooth muscle 
contraction, bronchoconstriction, and vasoconstriction. Systemic administration of non- 
selective prostaglandin analogs can likewise cause side effects. 

Thus, there is a continuing need to develop methods of replacing bone that result 
in bone that is substantially similar, structurally and architecturally, to the type of bone 
lost. 



It has been suiprisingly found that the systemic administration of non-naturally- 
occurring selective FP agoiusts results in a bone anabolic effect. It has been fiuther 
surprisingly foimd that the quality of bone formed by the administration of non-naturally- 
occurring selective FP agonists is superior to that formed by the administration of other 
bone anabolic agents, including prostaglandins of the £ series. Accordingly, the present 
invention is directed to methods of increasing bone volume by admiiustering to a subject 
a safe and effective amount of a non-naturally-occurring selective FP agonist. 
Particularly preferred non-naturally-occurring FP agonists are selective for the FP 
receptor over other excitatory prostaglandin receptors in a ratio of at least about 1:10, 
more preferably at least about 1:20, and most preferably at least about 1:50. Still more 
preferred non-naturally-occurring FP agonists are selective for FP receptors over all other 
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prostanoid receptors in a ratio of at least about 1:10, more preferably at least about 1 :20, 
and most preferably at least about 1 :50. 

It has been further found that non-naturallyH3ccurring selective FP agonists 
increase trabecular number (through formation of new trabeculae), increase bone volume 
and mass while maintaining a more normal bone turnover rate* and increase formation at 
the endosteal surface without removing bone ftom the existing cortex. Accordingly, the 
present invention is directed to methods of increasing trabecular number by 
administering to a subject a safe and effective amount of a non-naturally-occurring 
selective FP agonist. 

It has similarly been found that non-naturally-occurring selective FP agonists are 
useful in treating bone disorders. Accordingly, the present invention is directed to 
methods of treating bone disorders by administering to a subject a safe and effective 
amoimt of a non-natural ly-occuiring selective FP agonist. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention is directed to methods of increasing bone volume, methods 
of increasing trabecular number, and methods of treating bone disorders by administering 
to a subject a safe and effective amount of a non-naturally-occurring selective FP agonist 

Definitions and Usage ofTerms 

As used herein, "bone disorder" means the need for bone repair or replacement. 
Conditions in which the need for bone repair or replacement may arise include: 
osteoporosis (including post menopausal osteoporosis, male and female senile 
osteoporosis and corticosteroid induced osteoporosis), osteoarthritis, Paget's disease, 
osteomalacia, multiple myeloma and other forms of cancer, prolonged bed rest, chronic 
disuse of a limb, anorexia, microgravity, exogenous and endogenous gonadal 
insufficiency, bone fracture, non-union, defect, prosthesis implantation and the like. 

As used herein, "bone turnover rate" means the amount of bone resorption and 
formation per unit time measured or estimated using incorporation of fluorescent labels 
into bone, fluorescent and i»ight field microscopy, and histomorphometric techniques or 
by measurement of bone metabolism markers. For example, a subject may resorb and 
replace (turn over) approximately 3% of its skeleton over a 3 month period. A further 
description of histomorphometric techniques can be found in Bone Histomorphometry, 
1994, by Eriksen et al., Raven Press. 

As used herein, "bone volume" refers to the percentage of the bone occiq)ied 
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by a mineralized matrix. Measxirement or estimation of the mineralized matrix volume 
can be accomplished using histomorphometry, computed tomography, or m^netic 
resonance imaging. Two dimensional measurements may be used to estimate the three 
dimensional volume. A further description of histomoiphometric techniques can be 
foimd in Bone Histomorphometry, 1994, by Eriksen et al.. Raven Press. 

As used hraein, "excitatory prostaglandin receptor" means prostanoid receptors 
which cause contraction of smooth muscle or release of internal calcium stores. Such 
receptors include but are not limited to FP, EP,, EP3, TP, and TPj. 

As used herein, "FP" is an abbreviation for F prostanoid. 

As used herein, "FP agonist" means a compound with affinity for the FP receptor 
that results in measurable biological activity (including but not limited to an elevation in 
intracellular calcium or the contraction of smooth muscle) in cells, tissues, or organisms 
which contain the FP receptor. Whole cell, tissue, and organism assays which 
demonstrate FP activity of compounds are well known in the art. One particularly useful 
assay is the R-SAT™ Assay described by Brann, et al. in J. Biomole. Screen, Vol. I, 
Number 1.1996. 

As \ised herein, "FP receptor" means known human FP receptors, their splice 
variants, and undescribed receptors that preferentially bind PGFj^. A human FP receptor 
is disclosed in PCT Publication WO 95/00551. 

As used herein, "measurable" means the biologic effect is both reproducible and 
significantly different from the baseline variability of the assay. 

As used herein, "non-naturally-occurring" means an agent that is not biologically 
derived in mammals. 

As used herein, "prostaglandin analog" refers to a non-naturally-occurring 
compound which is structurally similar to a prostaglandin. 

As used herein, "prostaglandin receptor" or "prostanoid receptor" means a 
naturally-occurring protein that binds prostaglandins, which when bound alters the 
function of a cell. Prostaglandin receptors may be characterized as either excitatory or 
relaxant. Such receptors include but are not limited to FP, EP„ EP;, EP3, EP4, DP, IP, 
TP, and TPj. These receptors are further discussed by Coleman et al., in 
Pharmacological Revievra, 1994, Volume 6, No. 2, pages 205 - 229. 

As used herein, "selective" means having an activation preference for a specific 
receptor over other receptors which can be quantified based upon whole cell, tissue, or 
organism assays which demonstrate receptor activity, such as the R-SAT™ Assay 
disclosed above. A compound's selectivity is determined fi'om a comparison of its EC30 
(or ED50 if using an organism assay) at the relevant receptors. For example, a compound 
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having an ECjq of 8nM at the FP receptor and an EC50 of 80 nM at the EP, receptor has a 
selectivity ratio for the FP receptor over the EP, receptor of 1 : 10. 

As used herein, "trabecular number" refers to the number of individual trabeculae 
of bone per unit volume of cancellous bone measured or estimated from a two 
dimensional representation or a three dimensional specimen using histomoiphometty, 
computed tomogr^hy, or magnetic resonance imaging. 

As used herein, "subject" means a living vertebrate animal such as a mammal 
(especially human) in need of treatment. 

Compounds 

Compounds useful in the present invention are non-natura!ly-occurring selective 
FP agonists. Particularly preferred non-natural! y-occurring FP agonists are selective for 
the FP receptor over other excitatory prostaglandin receptors in a ratio of at least about 
1:10, more preferably at least about 1:20, and most preferably at least about 1:50. Still 
more preferred non-naturaily-occurring FP agonists are selective for FP receptors over all 
other prostanoid receptors in a ratio of at least about 1:10, more preferably at least about 
1 :20, and most preferably at least about 1 :50. 

Particularly useful non-naturally-occurring selective FP agonists are 
prostaglandin analogs. Examples of such compounds are prostaglandin analogs having 
the following general structure: 



R, is CO^H, C(0)NHOH, CO^Rj, CH^OH, SCOjRj, C(0)NHR2, C(0)NHS{0)iR3, 
or tetrazole; characterized in that R2 is alkyl, Keteroalkyl, carbocycHc aliphatic rii^, 
heterocyclic aliphatic ring, aromatic ring, or heteroaromatic ring; 

X is (CH2)n. where n is 0 to 3, NH, S, or O; and 

Y is a cycloalkyl or aromatic moiety, either substituted or imsubstituted. 



PH 




OH 



wherein: 
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Prostaglandin analogs of the above structure include: cloprostenol (Estrumate®), 
fluprostenol (Equimate"), tiaprost, alfaprostol, delprostenate, froxiprost, latanoprost, 
13,14-dihydro-16-((3-trifluoroinethyl)phenoxy>16-tetranor prostaglandin Fja, 17-((3- 
trifiuoromethyl)phenyl)-17-trinor-prostaglandin F2a, 13,14-dihydro-18-thienyl-18-dinor 
prost^Iandin F]a and their analogs. 

Other prostaglandin analogs of the present invention include 9-alpha, 11 -alpha, 
15-alpha-trihydroxy-16-(3-chlorophenoxy)-omega-tetranor-prosta-4-cis-13-trans-dienoic 
acid and its analogs. Additional prostaglandin analogs are also disclosed in CRC 
Handbook of Eicosanoids: Prostaglandins and Related Lipids . Volume I, Chemical and 
Biochemical Aspects. Part B. Ed. by Anthony L. Willis, CRC Press (Boca Raton, 1987) 
Table Four pp. 80-97 (incorporated herein by reference), and references therein. 

Methods of Use 

The compounds described above are useful in increasing bone volume, increasing 
trabecular number through formation of new trabecuiae, increasing bone mass without 
increasing the bone turnover rate, and increasing fonnation at the endosteal surface 
without removing bone from the existing cortex. Additionally, the quality of bone 
formed by the administration of these compounds is superior to that formed by the 
administration of other bone anabolic agents, including prostaglandins of the E series. 
Bone quality refers to the combination of bone matrix (inorganic and organic), bone 
mass or volume, and bone architecture which impart overall strength and fracture 
resistance to bone. Accordingly, these compounds are further useful in the treatment and 
prevention of a variety of bone disorders. 

The preferred routes of administration for increasing bone volume and treating 
bone disorders are transdermal and subcutaneous, e.g. injection or pellet. Other preferred 
routes of administration include oral, sublingual, and intranasal. 

The dosage range for systemic administration of the non-naturally-occurring FP 
agonists of the present invention is from about 0.01 to about 1000 ng/kg body weight per 
day, preferably from about 0.05 to about 100 |ag/kg per body weight per day, most 
preferably from about 0.1 to about 50 |ig/kg body weight per day. Plasma levels are 
expected to be in the range of about 0.01 to about 500 ng/ml, more preferably fix>m about 
0,05 to 100 ng/ml, and most preferably from about 0.1 to 50 ng/ml. 

While these dosages are based upon a daily administration rate, weekly or 
monthly accumulated dosages may also be used to calculate the clinical requirements. 
The non-naturally-occurring FP agonists of the present invention may be administered, 
based on a weekly dos^e, more frequently than once daily. The non-naturally-occurring 
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FP agonists of the present invention may also be administered, based on a weekly 
dosage, less frequently than once daily. Hence, the weekly dosage may be divided into 
3, 4, 5, 6, or 7 daily dosages, preferably 5, 6, or 7 daily dosages. 

Dosages may be varied based on the patient being treated, the condition being 
treated, the severity of the condition being treated, and the route of administration to 
achieve the desired effect. 

It has been further discovered that prolonged delivery (also referred to as 
"prolonged administration") of the non-naturally-occurring FP agonist unexpectedly 
results in improved dose separation between side effects and the desired bone effect. 
That is, as used herem, "prolonged delivery" or "prolonged administration" means that 
the total daily dosage is delivered into the subject's circulation over a period of at least 
about 6 hours and up to 24 hours. Preferred prolonged delivery periods are for at least 
about 12 hours and up to 24 hours. Examples of prolonged delivery include 
administration of the non-naturally-occurring FP agonist via a transdermal patch or a 
subcutaneous pump that delivers the total daily dosage over a twenty-four hour period. 

It is believed that the flattening of the plasma concentration curve resulting from 
prolonged delivery mitigates side effects while maintaining bone efficacy. It is fiirther 
believed that the administration of non-naturally-occurring FP agonists with extended 
half-lives will likewise result in a flattening of the plasma concentration curve without 
prolonging the administration. 

The following non-luniting examples serve to fiirther illustrate the use of the 
agents of the present invention. 

Example I 

The FP agonist, fluprostenol, is admmistered to a 65 year old woman who has 
decreased bone mass and has been diagnosed with osteoporosis by her physician. She is 
treated daily with a transdermal patch that delivers 10 (xg/kg fluprostenol over a 24 hour 
period. This treatment is continued for 24 months, at which tune, vertebral bone mass is 
substantially increased compared to her vertebral bone mass at the onset of therapy as 
measured by dual energy X-ray absorptiometry (DXA). 



Example II 

The FP agonist, fluprostenol, is administered to a 63 year old woman who has 
decreased bone mass and has been diagnosed with osteoporosis by her physician. She is 
treated with an implantable subcutaneous pump that delivers 10 ^g/kg fluprostenol over 
a 24 hour period. This treatment is contmtied for 12 months, at which tune, vertebral 
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bone mass is substantially increased compared to her vertebral bone mass at the onset of 
therapy as measured by dual energy X-ray absorptiometry (DXA). 

Pharmaceutical Formulations 

Pharmaceutical formulations of the present invention comprise a safe and 
effective amount of the non>naturalIy-occuning FP agonist and a pharmaceuticaliy 
acceptable caiiier. 

The phrase "safe and effective amount", as used herein means an amount of a 
compoimd or composition high enough to significantly positively modify the symptoms 
and/or condition to be treated, but low enough to avoid serious side effects (at a 
reasonable benefit/risk ratio), within the scope of ^und medical judgment. The safe and 
effective amount of an agent for use in the method of the invention herein will vary Avith 
the particular condition being treated, the age and physical condition of the patient being 
treated, the severity of the condition, the duration of the treatment, the nature of 
concurrent therapy, the particular agent being employed, the particular pharmaceutically- 
acceptable excipients utilized, and like &ctors within the knowledge and expertise of the 
attending physician. 

In addition to the compound, the compositions of the subject invention contain a 
pharmaceutically-acceptable carrier. The term "pharmaceutically-acceptable carrier", as 
used herein, means one or more compatible solid or liquid filler diluents or encapsulating 
substances which are suitable for administration to a subject. The term "compatible", as 
used herein, means that the components of the composition are capable of being 
commingled with the compound, and with each other, in a manner such that there is no 
interaction which would substantially reduce the pharmaceutical efficacy of the 
composition und^ ordinary use situations. Pharmaceutically-acceptable carriers must, of 
course, be of sufficiently high purity and sufficiently low toxicity to render them suitable 
for administration to the subject being treated. 

Some examples of substances which can serve as pharmaceutically-acceptable 
carriers or components thereof are sugars, such as lactose, glucose and sucrose; starches, 
such as cornstarch and potato starch; cellulose and its derivatives, such as sodium 
carboxymethyl cellulose, ethyl cellulose, cellulose acetate; powdered tragacanth; malt; 
gelatm; talc; solid lubricants, such as stearic acid, magnesium stearate; calcium sulfate; 
vegetable oils, such as peanut oil, cottonseed oil, sesame oil, olive oil, com oil and oil of 
theobroma; polyols such as propylene glycol, glycerin, sorbitol, marmitol, and 
polyethylene glycol; alginic acid; emulsifiers, such as the Tweens®; wetting agents such 
as sodium lauryl sulfate; coloring agents; fiavoting agents, excipients; tableting agents; 
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Stabilizers; antioxidants; preservatives; pyrogen-free water; isotonic saline; and 
phosphate buffer solutions. 

The choice of a pharmaceutically-acceptable carrier to be used in conjunction 
with a compound is basically determined by the way the compound is to be administered. 
The non-naturally-occutTing FP agonist of the present invention may be administered 
systemically, including transdermally, orally and/or parenterally, including subcutaneous 
or intravenous injection, and/or intranasally. 

The appropriate amount of the agent, preferably non-naturally-occuning FP 
agonist, to be used may be determined by routine experimentation with animal models. 
Such a model includes, but is not limited to, the intact and ovariectomized rat models of 
osteoporosis, the ferret, canine, and non human primate models of osteoporosis, as well 
as disuse models of osteoporosis. 

A preferred method of administering non-naturally-occurring FP agonists is via 
transdermal delivery. Preferred transdermal dosage forms include transdermal patches, 
creams, ointments, gels and the like. Another preferred method of administering non- 
naturally-occurring FP agonists is via subcutaneous injection in a unit dosage form. 
Preferred unit dosage forms for injection include sterile solutions of water, physiological 
saline, or mixtures thereof. The pH of said solutions should be adjusted to about 7.4. 

Other preferred dose forms include nasal, rectal, sublingual, and oral. Suitable 
carriers for injection or surgical implants include hydrogels, controlled- or sustained- 
release devises, polylactic acid, and collagen matrices. Implant devices may be coated 
with the non-naturally-occurring FP agonist. The non-naturally-occuiring prostaglandin 
FP agonist may be dissolved in a buffer and may be mixed with a collagen gel which is 
then coated onto the porous end of the implant device. 

Preferred oral forms include, for example liposomes, lipid emulsions, 
proteinaceous cages and pharmaceutically-acceptable excipients. 

The term "pharmaceutically-acceptable excipients" as used herein includes any 
physiologically inert, phamiacologically inactive material known to one skilled in the art, 
which is compatible with the physical and chemical characteristics of the particular 
active ingredient selected for use. Pharmaceutically-acceptable excipients include, but 
are not limited to, polymers, resins, plasticizers, fillers, lubricants, binders, disintegrants, 
solvents, co-solvents, buffer systems, surfactants, preservatives, sweetening agents, 
flavoring agents, pharmaceutical grade dyes and pigments. 

The following non-limiting examples illustrate formulations of the subject 
invention. 

Example III 
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Phaimaceutical formulations (compositions) in the foim of tablets are prepared 
by conventional methods, such as mixing and direct compaction, formulated as follows 



The above tablet administered orally once daily for six months substantially 
increases bone volume of a patient afQicted with Osteoporosis. 

Example IV 

A pharmaceutical composition in liquid form is prepared by conventional 
methods, formulated as foIlo\^^: 

Ingredient Quantity 
Cloprostenol 5mg 
Phosphate buffered physiologic saline 10 ml 

Methyl paraben 0.05 ml 

1 .0 ml of the above composition administered subcutaneously once daily for six 
months substantially increases bone volume of a patient afElicted with osteoporosis. 

While particular embodiments of the subject invention have been described, it 
would be obvious to those skilled in the art that various changes and modifications to the 
compositions disclosed herein can be made without departing from the spirit and scope 
of the invention. 



Ingredient 
Fluprostenol 
Microcystalline Cellulose 
Sodium Starch GlycoUate 
Magnesium Stearate 



nnflntit y (mg Pcr tablet) 
5 



100 



30 



3 



1 
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What is claimed is: 

1 . The use of a non-naturally-occurring selective FP agonist in the manufacture of a 
medicament for increasing bone volume in a subject. 

2. The use of a non-naturally-occurring selective FP agonist in the manufecture of a 
medicament for increasing trabecular number in a subject. 

3. The use of a non-naturaliy-occurring selective FP agonist in the manufacture of a 
medicament for treating a bone disorder in a subject. 

4. The use of Claim 1, 2, or 3 characterized in that the non-natural ly-occuning FP 
agonist is selective for the FP receptor over other excitatory prostaglandin receptors in a 
ratio of at least 1:10. 

5. The use of Claim 4 characterized in that the non-naturally-occurring FP agonist is 
further selective for the FP receptor over all other prostanoid receptors in a ratio of at 
least 1:10. 

6. The use of Claim 5 characterized in that the non-naturally-occurring FP agonist is 
further selective for the FP receptor over other excitatory prostaglandin receptors in a 
ratio of at least 1:20. 

7. The use of Claim 6 characterized in that the non-naturally-occurring FP agonist is 
fiirther selective for the FP receptor over all other prostanoid receptors in a ratio of at 
least 1:20. 

8. The use of Claim 7 characterized in that the non-naturally-occurring FP agonist is 
fiirther selective for the FP receptor over other excitatory prostaglandm receptors m a 
ratio of at least 1:50. 

9. The use of Claim 8 characterized in that the non-naturally-occurring FP agonist is 
fiirther selective for the FP receptor over all other prostanoid receptors in a ratio of at 
least 1:50. 
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10. The use of Claim 9 characterized in that the non-naturally-occurring FP agonist is 
a prostaglandin analog. 

11. The use of Claim 10 characterized in that the medicament allows transdennal 
delivery of the non-naturally-occurring FP agonist. 

12. The use of Claim 10 characterized in that the prostaglandin analog has the general 
formula: 

OH 




characterized in that: 



R, is COjH, C(0)NHOH, CO^Rj, CHjOH. S(0)2R2, C(0)NHR2, C(0)NHS(0)2R2, 
or tetrazole; characterized in that R2 is alkyl, heteroalkyl» carbocyclic aliphatic ring, 
heterocyclic aliphatic ring, aromatic ring, or heteroaromatic ring; 

X is (CH2)n. where n is 0 to 3, NH» S, or O; and 

Y is a cycloalkyl or aromatic moiety, either substituted or unsubstituted. 

13. The use of Claim 10 characterized in that the prostaglandin analog is fluprostenol. 

14. The use of Claim 13 characterized in that the medicament allows transdermal 
delivery of the fluprostenol. 

1 5. The use of Claim 7 characterized in that the non-naturally-occurring FP agonist is 
selected from the group consisting of cloprosteiiol (Estrumate^, fluprostenol 
(Equimate®), tiaprost, alfaprostol, delprostenate, froxiprost, 9-alpha, 11-alpha, 15-aIpha- 
trihydroxy-1 6-(3-chlorophenoxy)-omega-tetranor-prosta-4-cis- 1 3 -trans-dienoic acid, 1 7- 
((3-trifluorormethyl)phenyl-17-trinor-prostaglandin F2a, 13,14-dihydro-18-thienyl-18- 
dinor prostaglandin Fja, 13,1 4-dihydro- 1 6-((3-trifluoromethyi)phenoxy)-16-tetranor 
prostaglandin F^a, latanoprost, and their analogs. 
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16. The use of Claim 3 characterized in that the bone disorder is selected from the 
group consisting of: osteoporosis, osteoarthritis, Paget's disease, osteomalacia, and bone 
fracture. 

17. The use of Claim 3 characterized in that the bone disorder is osteoporosis. 

18. The use of Claim 17 characterized in that the non-naturally-occurring FP agonist 
is fluprostenol. 

19. The use of Claim 17 characterized in that the bone disorder is post-menopausal 
osteoporosis. 

20. The use of Claim 1, 2, or 3 characterized in that the medicament allows for 
prolonged administration of the non-naturally-occurring FP agonist. 

21. The use of Claim 20 characterized in that the medicament allows for delivery of 
the non-naturally-occurring FP agonist over a period of at least twelve hours. 

22. The use of Claim I, 2, or 3 characterized in that the medicament does not 
substantially increase the subject's bone turnover. 
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